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CATALYST COMBUSTION SYSTEM, FUEL REFORMING SYSTEM, 
AND FUEL CELL SYSTEM 

BACKGROUND OF THE INVENTION 
5 The present inveniion relates to a catalyst cumbustion system, a fuel retomimg 

system using the caialyst combustion sysicni, aad it fuel ccli sysicrm using the fut;l 
refonning system. 

There hus been disclosed in Ja^Liucbc Paiuni Publication No, 2^33616 a catalyst 
combusior for supplying a heat medium for use al a fuel reformer to reform a fuel to be 
10 used in a fuel cell, 

The catalyst combu:iiof is adapted under assihtance of a catalyst to perform a 
catalyst combustion of "a reformed fuel cuntaining hydrogen thai \b effluent, us it 
unused, at a cathode (a fuel electrode) of the fuel cell" (hereafter sometimes Culled 
"effluent fQel") wiih "a gaseous fluid containing oxygen thai is eftluenr, as it is unused, 
15 ai an anode (an oxidizer electrode) of the fuel cell" (hereafter sometimes called "eftluent 
oxidizer"), to provide a hot gas containing products of the catalyst combustion, as the 
above-noted heat medium. 

In Huch a regular run of a fuel cell system including the catalyst combustor, the 
fuel reformer, and ihe fuel ceU, both effluent fuel and efflut:nt oxidizicr are available 
20 from the fuel cell for use at the catalyst combustor, and a heat medium is available 
therefrom. 

SUMMARY OF THE INVENTION 
In startup of the fuel cell system, however, the faei cell b^s neither eftlueni fuel 
25 nor effluent oxidizer, iind the catalyst combusior needs combinaiion of a i^ubstitutc fuel 
4nd a Substitute oxidizer to be supplied in controlled quantities and timing for a catalyst 
corabusnon therein, to thereby provide an adequate heat medium tor u.se at the fuel 
reformer. 

The convemional catalyst combusior is thus provided with a set of necessary 
30 valves for individually opening and closing four fluid supply lines (effluent fuel supply 
line, effluent oxidizer supply line, sabstitutu fuel supply line, ^nd substitute oxidizer 
supply line), and a sei of necessary actuators to be controlled tor individual operations 
of the valves. The actuator!^ have their weights and costs, and occupy spaces, in addition 
10 the complexity of control system, 
^5 The present invention is made with such points in view, li iheretore irs an object 

of the present invention tu provide; a Ciitalysi combustion sysium in which a catalyst 
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combiistor can be supplied with necessary quaniitles of fuel and oxidizer tor a catalyst 
combustion to provide an adequaie heat medium in a startup as well as in a regular run, 
without provision of conventionul sets of valves and actuators, thai is, with reduced 
numbers ot valves and actuators; a fuel reforming sy>teni using the catalyst combusiion 
5 system; und a fuel cell ?iysteni using the fuel reforming *?ystem. 

To uchieve the object, according to an aspect ot the invention, there h provided 
a catalyst combustion system comprising a closable firsi fuel supply line which supplies 
a fluid containing a fii.bi fuel, u closable first oxidizer supply line which supplies a fluid 
containing a first oxidizer for ihe tirsi fuel to be combusiibJe therewith under assisiiince 

10 of a Catalyst, a second fuel supply line which supplies a fluid containing a second fuel 
different from the first fuel, a second oxidizer supply line which supplies a fluid 
coniiiining a second oxidizer for the second fuel to be combustible therewith under 
assistance of the Cciialyst, und a cuiulyst combustor configured to alternately perform a 
tirst catalyst combusiion between the first fuel und the first oxidizer and a second 

1 5 caialyst combustion between the second fuel and the second oxidizer, and ttj supply its a 
thermal medium a fluid containing one ot a combusiion product of the first catalyst 
combubition and a combustion product of the second catalyst combustion. The cutalysi 
eombusior comprises a fir^it caialyst combusiion ponioo connected to the first fuel 
supply line and the first oxidizer supply line, a second catalyst combustion portion 

20 connected to the second fuel supply line mid the second oxidizer supply line, and a fluid 
communication portion connecting the first catalyst combustion portion and the second 
catalyst combustion portion to each other, and has a fixed relationship provided among a 
tluid resistance of the first catalyst combustion portion, a fluid resistance of the second 
catalyst combustion portion, and a fluid resistance of the fluid communication portion, 

25 whereby substantially the first catalyst combustion is caused to occur simply in the first 
Catalyst combustion, and ibe second catalyst combusiion caused to occur in the first 
caialyst combustion portion and the second catalyst combustion portion. 

According to another aspeci of the invention, there is provided a fuel reforming 
system including a fuel reformer contigured to reform a fuel using the heat medium of a 

30 catalyst combustion system uccording to the previous aspect. 

According lo still another aspect of the invention, there is provided 4 fuel cell 
sysiem including a fuel cell having a fuci electrode configured to consume the rcfumied 
fuel of a fuel reformmg system according to the previous aspect. 

35 BRIHF DESCRIPTION OF THE ACCOMPANYING DRAWINGS 

The above and further objects and novel features ot ihe present invention will 
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more fully appear from ihe following detaiied description when rhe same is read in 
conjunction with the accoTnpanying drawings, in which: 

Fig, i is J4 block diagram of a fuel cell ^?ystem iucluding a fuel reforming 
system having a catalyst combustion system according to an embodiment of the 
5 invention; 

Fig. 2 is a iongitudlnai section of a catalyst combustor of the catalyst 
combustion system of Fig. 1; 

Fig. 3 is a cross scciiuu along line iU-ill of the catalyst combustor of Fig. 2; 

Fig. 4 is ii cross section along line 1 V-IV of the catalyst combastor of Fig. 2; 
1 0 Fig- 5 is H longitudinal section of n catalyst combustor of a catalyst combustion 

system according to another embodiment of the invention; 

Fig, 6 is a cross section along line VI-Vl of the catalyst combustor of Fig, 5; 

Fig- 7 is a cross section along line VII- VH of the catalyst combustor of Fig. 5; 

Fig. 8 iihows a detailed section 4long line VIII- VllI ut the c^tulysi combustor of 
1 5 Fig. 2, as it is common to the catalyst combustor of Fig. 5; 

Fig. y shows in section an essential part of u catalyst combustion portion as a 
modification of each embodiment; itnd 

Fig,l(J shows in section an essential part of ix catalyst combustion portion as 
another modification of each embodiment. 

20 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
There will be detailed below th^ preferred embodiments of the present 
invention with reference to the accompanying drawings. Like members are designated 
by like reference characters. 

25 Fig, 1 shows in block diagram an entirety of a fuei ceil system 1 according to a 

first embodiment of the invention. The fuel cell system 1 is consiiiuted with a fuel cell 2, 
a fu<:[ retorming system 3, and a control system la which controls variuus actions of 
operative components, such as actions of associated valves and drives, as necessary for 
startup (or warming) and regular operations of the fuel cell system 1, via unshown signal 

30 and power supply connections. U is noted That the Startup operation should bt? as short -^ri 
practicable. 

As u gaseous tluid containing hydrogen as a fad, a reformed fuel supplied 
from the fuel reforming -system 3 to iho fuel cell 2, via a refurmed fuel supply line LSI. 
This supply line LSI has a shutvjff valve SVl, which is close in the startup operation of 
35 the fuel cell system ] and open in the regular operation of the system I. As a gaseous 
fluid containing oxygen as an oxidizer, Ircsh au is supphed from an unshown air source 
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to thti fuel cell 2, via an oxidizer supply lixie LS2, This supply line L2 has a flow or 
pressure comrol valve CVl. 

In the regular optiration of the fuel cell system 1, ihe fuel ceil 2 generatcis 
electric power to be outpui via a power supply line PS. For the electric power generation, 
5 hydrogen in the retonned fuel is consumed at an unode 34 (fuel electrode), and oxygen 
in the fresh air is consumed at a cathode lb (oxidizer electrode). The fuel cell 2 has two 
eftiuent lines: effluent fuel line LEl connected to a gas collecting region of the anode 
la, where ii rcccivc:s a gaseous fluid containing tiydrogen, as an effluent fuel; and an 
effluent oxidizer line LE2 connected to a gas collecting region of the ciithode lb, where 

1 0 It receives a gaseous fluid containing oxygen, as an efQuent oxidizer. 

The fuel reforming system 3 includes a vaporizer 4, st fuel reformer 5, and a 
catalyst combustion system lU. 

The vaporizer 4 has an incorporated heat exchanger (not shown) provided with 
a fiiel injector 4a and a water injector 4b. The huiii exchanger has heating paths which 

1 5 are connected ut their inlet ends to a heat medium supply line LS3 and at their outlet 
ends to an effluent fluid line LE3. The fuel injector 4a receives a liquid fuel, such as 
methanol, from an unshown fuel source via a fuel supply line LS4, and injects atomized 
fuel as a fuel lo be vaporized and reformi;d. The water injector 4b receiver pure W4ter 
from aa unshown water source via a water supply iint^ LS5, and injeets atomized water, 

20 The atomized fuel and atomized watiirr are injected into a heated region of the heat 
exchanger, where ihcy are mixed and vaporized by heat from streams of a heat medium 
in the heating paths. Then, a vaporized fuel as a mixture of heated fuel vapor and steam 
is conducted trom the heated region of the heat exchanger, into a vaporized fuel supply 
line LS6, 

25 The vaporized fuel supply line LS6 is connected to the fuel reformer 5, Further, 

an air supply line LS7 having a flow or pressure control valve CV2 is connecicd 
between the beforc-meniioned air source and ihe fuel reformer 5, The vaporized fuel 
from the supply line LS6 is mixed with iiir from the supply line LS7 and cracked in the 
fuel reformer 5, to produce "a gaseous fluid e-ontaining a sufficient amount of hydrogen, 

30 as a hydrogen-rich adequate reformed fuel" (called "reformed rueV' as used herein) to be 
conducted along a retormed fuel supply line USS, Thh supply line LS8 is bifurcate to be 
coimeciwd on one way lo the betbre-mentioned reformed fuel supply line LSI, and on 
The other way to a reformed fuel bypa^ss Imc LB thai has a shutoff valve SV2, which is 
open in the startup operation of the fuel cell system 1 and close in the regular operation 

35 of the system L in an effectively warmed pha^e in the stunup operation, the reformer 5 
produces an inadequate reformed fuel having it gradually increasing but inNufflcieni 
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amount of hydrogen, which is conducted through the bypass line LBj us an effluent fuel 
in d sense. 

The catalysi combustion system 10 has ii catalyst combustor 11, a substitute 
fuel supply line LS21, a Substitute oxidizer supply line LS22, un effluent fuel supply line 
5 LS23, and un effluent oxidizer supply line LS24- 

The substitute fuel supply lint; LS21 is connected lo a liquid fuel supply line 
JLS25, which supplies "a liquid substitute fuel" from the before-mentioned fuel source, 
and h?is- a shutoff valve SV3, which i.s open in the smriup operation of the fuel cell 
system 1 and close in the regular opertition of the system 1, The substitute oxidizer 
1 0 supply line LS22 is connected to the bcfore-mcntiouud air source, and supplies iiir to be 
a gaseous fluid containing oxygen^ as a ^'substitute oxidizer", and has a flow or pressure 
control viilve CV3. Note that ihe control valves CVl lo CV3 are conirollablc to their 
close positions. 

The effluent fuel supply line 1^23 is simply connected to the effluent fuel line 
1 5 LEI and, on the way, to the reformed tuel bypass line LB, so thai ciu effluent fuel is 
supplied therethrough in the effectively warmed phiise in the startup uperation ot the 
fuel cell system 1, as wull as in n sufticicntly witrmed phdse substantially corresponding 
lo an mterval of the regular opertnion of the system 1. The effectively wanned phaSc and 
the sufficiently warmed phase will sometimes be collectively culled "a warmed phase", 
20 which follows a warming phase. The effluent oxidizer supply line LS24 is simply 
connected to the effluent oxidizer line LE2, so that an efiluent oxidizer is supplied 
therethrough while air is supplied from the supply lint: LS2. It noted that the effluent 
fuel supply line 1^23 and the effluent oxidizer supply line LS24, hs well us the effluent 
fuel line LEI and the effluent oxidizer line LE2, have no valves to bo aexuated £or 
25 changeover between the startup operation and the regular operation of the fuel Cell 
system 1. 

The catalyst combustor U i> provided with a substitute fluid connection piping 
unit 11a and an effluent fluid connection piping unit lib. In the piping units 11a and 
lib, as shown in Fig. 2, the four supply lines LS2], LS22, LS23, and LS24 have their 

30 fluid oudet pipes: an outlet pipe 12 provided at a downstream end of the supply line 
LS21 for supplying a substitute fuel in the startup operation of the fud cell system 1; an 
ouiict pipe 13 provided ai a downstream end of the supply ime LS22 for supplying a 
gaseous substitute oxidizer in the startup operation; an outlet pipe 14 provided at a 
downstream end of the supply Unc LS23 for supplying a gaseous effluent fuel in the 

35 above-noted warmed phase; and an outlet pipe 15 provided at a downstream end ot the 
supply ime LS24 for supplying a gaseouS effluent oxidizer in the regular operation of 
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the system 1. It is noted thai both conneciion piping units 11a and lib have no valves lo 
be actuated for changeover between the startup operation anil the regular operation of 
the fuel cell system 1. 

On the other hand, the catalyst combu^tor 11 has three fluid inlet tubes welded 
5 thereto: an inlet tube 17 siraply connected to the outlet pipe 13; an inlet tube 18 simply 
connected to the outlet pipe 14 for introduction of the effluent fuel; and an inlet tube 19 
simply connected to the outlet pipe 15 for introduction of the effluent oxidizer. 

The outlet pipe 12 has at ii?, dowuNUcam end a fuel injector ICi joined to the 
inlet tube 17, by inserting its atomizing tip 16a into the tube 17, While the supply line 

IQ LS22 Supplies the gaseous substitute oxidizer to be simply let through the outlet pipe 1 3 
into the inlet tube 17, a liquid subsiitute fuel supplied from the supply line LS21 is let 
through the outlet pipe 12 and aiomized at the rip 16a of the fuel Injector 16 using air, so 
that "it gaseous fluid contaimng a system of dropkts of substitute fuel" (hereafter calkd 
"gaseous substitute fuel" or "substiime fuel") is mjected into streams of substitute 

1 5 oxidizer in the inlet tube 17, thereby having a gaseous mixture rhercberween supplied to 
the inlet tube 17. Ii should be noted that this inlet lube 17 is an mtcgral part of the 
catalyst coinbustor 1 1 to which a gar^eous substitute fuel is supplied by a tluid supply 
hne {LS21 with 16) conSTiiuied with the supply line LS21 having the outlet pipe 12 
provided with the tuel injector 16. 

20 As shown in Fig. 2 to Fig. 4 and Fig. 8, the catalyst corabusior 1 1, outlined in a 

cylindrical form, is made up by: u cylindrical inner catalyst combustion portion 2U 
which extends over an axial length L of the combustor 11 and has (a-s a space defined 
therein) on its upstream side a cylindrical inner gas chamber 21 and on its downstream 
side a cylindrical inner accommodation chamber 31 substantially equul in diameter to 

25 and in direct communication with the inner gas chamber 21; a cylindrical (or more 
specifically, annular) outer catalyst combustion pornon 3U which also extends over the 
length L, coiixiall^ with ihe inner catalyst combustion portion 20, and has (as a space 
defined therein) on itb upstream side a cylindrical (or annular) outer gas chamber 41 and 
on its downstream bide a cyilndrical (or annular) outer accommodauon chamber 51 

30 substanticilly equal in in.^iide and outside diameters to and in direct communication with 
the outer gas chamber 41; and a fluid communication portion 60 interposed between the 
inner gas chamber 2i and the outer gay chamber 41. Tht mner gas chamber 21 h in 
fluid communication with inside of the inlci tube 17 arranged for axial imroduciion ot 
the mixture of subiiitute fuel and substitute oxidizer. The axial introduction allows fur a 

35 major fraction of the mixture to Smoothly tlow straight to the inner gaj. chamber 31, at 
high speeds, inspiring fluids from thcrcaround via later-de^^cribcd communication holes 
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62, having n very minor frttction of the nnixTurc branching outside. The outer g^s 
chainber 41 is in fluid commuEicarion with the inlet tubes 18 and 19 arranged for radial 
introdiiction of the effluem fuel and the effluent oxidizer. The radial iniroduction allowii 
for major fractions of the supplied fluids to smoothly spread about a later-described 
5 separation wuli 61, with enhiinced tendencies to invade through the L-ommunications 
holes 62 into ihe inner gas chamber 21, and with suppressed tendencies to tlow coward 
the outer gas chamber 51. The inner gas chamber 21 has a small fluid resisiance Ri 
thereaf:ross, and the outer gas t:hambi;r 41 also has a siuull fluid resistance R4 
thereacross. The inner catalyst combustion portion 20 has a smaller heat capacity than 

10 the outer catalyst combustion portion 40. It should be noted thai 4 catalyst in conct^m 
promotes a significant catalyst combustion above a criiienl temperature. 

As shown in Fig. 2 and Fig. 3, the fluid communicaiion portion 60 is 
constituted with a fluid-guiding cyLndrical separation wall 61 which extends for 
separation between the inner and outer gas chambers 21 and 41, and has a set of axial 

15 arrays {62-i : 1 Si }, {62-j; I+l S ] Sj }, {62-k:J+l £ R SK },and{62- 
^: K+1 ^^'SL } (where I, J, K, and L are given integers and i, j, k, and / arc 
arbitrary integers in defined ranges) of fluid communication holes "62-1, 62-2, 62-i, 
62-1, 62-(I+l), 62-j, 62-J, 62-(J-^i), 62-k, 62-K:, 62-(K^-l), 62-^, 
62-L^' (hereafter collectively referred to "62") provided through the Separation wall 

20 61. An arbitrary hole 62 may be circular, elliptic, triangular, rectangular, polygonal, or 
any form else m Section ihiat can provide a necessary fluid resistance rf(l £ i* ^ L). 
A parallel connection of respective fluid resistances {rr} of a voul of L fluid 
communication holes 62 represents a fluid resistance of the fluid communication 
portion 61). The separation wall 61 is welded aL its upstream end 6 la to a circular Centra! 

25 part 22a of a circular end plaic 22 of the catalyst combu^tor 11, and radially outwardly 
flanged at its downstream end 61b. The inkt tube 17 is inserted and welded to the 
central pan 22a of the end plate 22. 

As shown in Fig. 2 to Fig. 3, the inner catalyst combustion portion 20 is 
consiiiuted with; the circular end plaic 22 ot which the Central part 22a cooperates with 

30 the Separation wall 61 to define the inner gas chamber 21; a cylindrical heat insulating 
separator 32 defining the inner accommodation chamber 31; and a cylindrical substrate 
33 which is accommodated 10 be fiucd gas-iighi in the accummodation chamber 31, and 
formed (to be meshed) in a honeycomb shape in a iarer-descnbed fashion with a set of 
axially extending catalyst combustion path (or mosh) parts "34-1, 34"(n-l), 34-n, 

35 wherii n is an arbitrary integer in a range defined by a given integer N such that 1^ n 
^N," (hereafter sometimes collectively referred to "34"). The heat insulating Separator 
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32 is consiitured with a cylindrical inner casing 32a which is brought into abutment ai 
its upstream end 32a] on the flanged downstream end 6lb of the separation wall 61 and 
inwardly bent at iis downsire:um end 32a2 tor hooking or stopping the substrate 33, an 
inner heat insulating layer 32b whii;h is formed over an inside of the cylindrical casing 
5 32a, iind an outer heat insulating layer 32c which is formed over an outside of the inner 
casing 32a. 

Again as shown in Fig, 2 to Fig. 4, the outer catalyst combustion portion 4U is 
constituted with; a cylindrical upsLicum omcr casing 42 cooperatmg with ihc separation 
wail 61 and the annular pan 22b of the end plate 22 to define the outer gas chamber 41; 

1 0 a cylindrical outer case 52 cooperating with the heat insulating separator 32 to define the 
outer accommodation chamber 51; and a cylindrical (or annular) substrate 53 which is 
accommodated lo be tilted gas-tjghi in the accomnnodaiion chamber 51, and formed (to 
be meshed) in a honeycomb shape in a later-described fashion with a set of axial I y 
extending catalyst combustion path (or mesh) parts "54-1, 54-(m-l), 

15 where m is an arbitrary integer in a range defined by a given integer M such that 1^ m 
£M (> N or » N)," (hereafter sometimes collectively referred to "54"). The substrate 53 
has a smaller mesh than the substrate 33, or in other words, the meshing of the latter 33 
i5> coarser or rougher than thai of the former 53. The upstream outer casing 42 ha?i at its 
upstream end an outward flanged part 42a fastened by bolts 49 to a peripheral flange 

20 22c of the end plate 22, and at its downstream end an inward projected pan 42b and an 
outward flanged pan 42c, !t should be noted that the heat capacity of the inner catalyst 
combustion portion 20 &ubstantialiy depends on a heai c^ipacity of the substrate 33, and 
that of the outer Catalyst combustion portion 40 substantially depends on a heat capacity 
of the substrate 53. It also is noted that the substrate 33 has a significantly smaller heat 

25 capacity than the substrate 53, 

As best shown in Fig. 8, the outer case 52 is constituted with: a cylindrical 
downstream outer casing 52a wtiich is integrally formed at its upstream end with an 
outward flanged part 52al fastened by bolts 59 (Fig. 2) to the outward flanged part 42c 
of the upstream outer casing 42 and at its downstream end with an inward projected part 

30 52a2 configured lo hook or stop the substrate 53 and to support a cro^s member 58 (Fig. 
2) for ?»topping the heat insulating separator 32 and vviih a downstream extension 52a3 
configured to define a cylindriLal combustion product (heal medium) outlet space 70 to 
be common to the inner and outer catalyst combustion portions 2U and 40 (Fig. 2) and to 
be connected to the heat medium supply line LS3 (Fig, 1); a refractory monar layer 52b 

35 lining over an inside of the downstream outer casing 52a and a corresponding region of 
an end face of the inward projected part 42t> of the upstream outer Ca^ing 42; and a gas- 
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tight filler 52c of h^at insulating materials filled between the refractory mortar kyer 52b 
und the substrate 53, 

As illustrated in Fig. 8, an arbitrary catalyst combustion path pan 54~m (1^ IH 
SM) in the substrate 53 is constituted with: n corresponding straight connbustion path 
5 55-in (l£ m ^M)(hereaftcrsomciirnescolkctivelyrefened to "55") axiuliy extending 
as a fluid path through the substrate 53 and communicating at its upstream end with the 
outer gas chamber 41 and at its downstream end with the combustion product outlet 
spfK^f 70; and a corresponding yet 56-m (1^ in ^ M) of films of a caiaiySl configured aS 
a whole lo define the combustion puth 55-m with a conesponding fluid resistance {r^: 1 

10 S IR ^M} thcreacTO-ss. A parallel connection of respective fluid resistances {rm> of a 
total of M combustion p^iths 55 (or of M combustion path parts 54) represents a fluid 
resistance Rs across the outer accommodation chamber 51 {or of the substrate 53). 

LiKewise, as schematically shown in Fig, 2 and Fig. 4, an cirbiirary catalyst 
combustion path part 34-n (iS n SN) in the subsiraiti 33 Is cunstituted with; a 

15 corresponding straight combustion path 35-n (1 £ n ^N) (hereafter sometimes 
collectively referred to "35'') axiully extending as a fluid path through the substrate 33 
and communicating at its upstream end with the inner gas chamber 21 and at its 
downstream end with the combustion product outlet space 70; and a corresponding set 
36-n (iS Q SN) of films of the ab^jve-noied catalyst configured as a whole to define 

20 the corabiistion path 35-n with a corresponding fluid resistance {rn: n ^N} 
thereacross. A parallel connection of respective fluid resistances {r^} of a total of N 
combustion paths 35 (or of N combustion path parts 34) represents a fluid resistance R3 
across the inner uccommodation chamber 31 (or of the sub>trate 33), The N combustion 
paths 34 have a greater average sectional area than the M combustion piiths 54, so that 

25 an average of the fluid re:sistanct:s {in} of the tormer 34 is smaller than thai of the fluid 
resistances {r^} of the latter 54. It is nuted that the combustion paths 34 as well as the 
combustion paths 54 may be identical or different in cuntigur^tion and/or si^e, as 
necessary for facilitation of manufacture or tor a particular fluid condition. Ii is desirable 
to increase u proportion of effectively used catalyst in a sum of a total of N sets 36 and a 

30 total Qt M sets 56 ot films of catalyst, in order for u capacity of c^iialyst combustion 
process to be maximi2cd in the regular operation of the fuel cell system 1. 

Ref erring to Fig. 2, in the catalyst combustor 11, the inner catalyst corabusiion 
portion 2U a fluid resistance R, thereacross equivalent to a serial connection of the 
fluid resistunce R2 of the inner gas chamber 21 and the flald resistance R-; across the 

35 inner accummod^tion chamber 31 (or of the substrate 33), such th^it Ri = R? + Rj- The 
outer catalyst combustion portion 4U has a fluid resistance R^, thereacross equivalent 10 a 
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serial connection of the fluid resistance R4 of ihe outer gas chamber 41 mid the fluid 
resistiince R5 across the outer accommodation chamber 51 (or of the subsirate 53), Such 
that Ro =^ R4 + R5. The fluid resistance Rf, of rhe fluid communication portion 6U is 
scriitlly connected to the fluid resisinnce R2 of the inner gas chitmber 21. 
5 Referring 10 Fig. 1 to Fig. 4, ihc catalyst combustor 11 is configured 10 have 

fixed relationships among internal fluid rcsisunces {R„ Ro, R2, Ri(rn), R4» RsCr^)? 
Ro(rt)} thereof, for example such that: 

R2 < R3 or R3 w R3, 

R^ < R5 or R4 « R5, 
1 0 R:> ^R4 <; Rfi or R2 R4« Elo , i.e. (Ra+Rft ) ^ CRa+Rg) * Rfi. 

Cu < Tm or In ^< Xm, 

R, < Ro or R; « Rfi, and/or 
R. + Rft -Ro or R, + Ro = Ro, 
so that, m the "startup operation" of the fuel cell y^ystem 1, 

15 substantially, a warming catalyst combustion between the substitute fuel and 

the substitute oxidizer is caused to occur simply in ihe inner catalyst combusiion portion 
2U (or more specifically in the substrate 33) which is low of heat capacity, i,e, without 
an influential or significant catalyst combustion caused between a tuel and an ox]di2er 
conducted in the substrate 53 of the oatt:r catalyst combustion portitju 4U which is high 

20 t)f heat capacity, and 

that, in the "regular operation" of the feel cell system 1, 

a regular catalyst combustion between ihc effluent fuel and the effluent 
oxidizer is causud tu occur in both the inner catalyst combustion portion 20 (or more 
specifically in ihe substrate 33) and the outer catalyst combustion portion 4U (or more 

25 specifically in the substrate 53), in particular proportiouiilly or evenly, as required. 

In the wanning phase of the startup operation in which the shutotf valve SVl is 
close but the shutoff valve SV3 is open and the control valve CV3 is in its open position 
whereas the control valves CVl and CV2 arc in their close or crack-open positions as 
necessary and the shutoff valve SV2 is to be opened when necessary for bypassing an 

30 amount of reformed fuel, the fuel injector 15 miecis i^n atomized substitute fuel into a 
flow of a supplied subsiiime oxidizer in the inlet tube 17, whereby a gaseous mixture 
thurebetween is introduced into the inner gas chamber 21, where ii flows downstream 
along the separation wall 61, and enters the substrate 33 in the inner accommodation 
chamber 31 with a priority, where ii contacts the catalyst 36, whereby Its warming 

35 Catalyst combustion is promoted, generating gaseous combustion products, which fhjw 
Out of the Substrate 33 and enter the outlet space 7tJ, wherefrom they are supplied as a 
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heat medium via the supply line LS3 to the heating side of the heai exchanger in the 
Vitporizer 4, and discharged therefrom via the effluent line LE3. Iij due coarse in ihc 
warming phase, the vaporizer 4 may start generating a vaporized fuel to be supplied via 
the supply line LS6 to the fuel reformer 5. It is noted that the substitute fuel mi well -as 
5 the effluent fae! is combustible with the substitute oxidizer, and with ihe effluent 
oxidizer as well, under assistance of (i.e, by contuct on) the catalyst 36, 56. 

Although, when ihe gaseous mixture passes the inner gas chamber 21, a minor 
fraction thereof branches via the communicaiion hole$i 62 ot the fluid communication 
portion 60 into the outer gas chamber 41 and enters the substrate 53 in the outer 

10 iiccommodation chamber 51, the branching fraction is maintained very small by 
relationships (for example < or Ri « Ro) among fluid resistances such as ihe fluid 
resistance Rh across the separation wall 61 and the fluid resistance R5 of the substrate 53 
which has fine meshes 54. As the substrate 33 which has a low heat capacity is 
accommodated in the hear insulating separator 32 which suppresses he^t dissipation 

15 from the inner accommodation chamber 31, the catalyst 33 can be warmed in a short 
while. The branching fraction of gaseous mixture gradually starts a preparatory warming 
cainlyst combustion in the substraie 53. 

In the effectively warmed phase of the startup operation in which the shutoft 
valve SVl i-s kept close and the shutoff valve SV3 is htill open while the shutoff vulve 

20 SV2 is opened and the control valves CV2 ^md CV3 are in their controlled open 
positionN whereas the control vdlve CVl may be controlled to be yc\ close or 10 a crack- 
open position as necessary, a significant amount of vaporized fuel is supplied 10 the fuel 
reformer 5, where it is reformed, and a significant amount of gaseous reformed fuel is 
conducted, via the supply line LS8 and the bypass line LB, into the effluent fuel supply 

25 line LS23, wherefrom it is supplied into the outer gas chamber 41, where it is divided 
into: those streams which join a minor fraction of a gaseous mixture between (a 
maintained amount of) substitute fuel and (an increased amount of) substitute oxidizer 
(as the mixture is supplied in the inner gas chamber 21 and the minor fraction is 
branched to the outer gas chamber 41), thus entering together with the minor fraction 

30 into the substrate 53, where they contact the catalyst 56, whereby their warnring catalyst 
comba^Cion is promoted, generating a gradually increasing amount of gaseou^ 
combustion products; and those streams which brunch through the communication holes 
62 of the fluid communication portion 6U into the inner gas chamber 21, joining the 
gaseous mixture therein 10 enter the subsirate 33, where ihey contact the catalyst 36, 

35 whereby their enhanced warming catalyst combustion is promoted, generating an 
increased amount ot gaseous comDusiion products. The respective amounts of gascous 
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coTTibustion prodacts are collected from the ^jubstrates 53 and 33 in the outki space 7U, 
wherefrom ihey are supplied as an increased 4mouar of heal medium to the vaporiser 4, 
If the conirol valve CVl is coniroJled to ihc crack-open position, the control v:ilve CV3 
may be set to an initial open position or controlled to a siighdy wider open po*>ition, 
5 In the regular operation, the shutoff valve SV3 is closed lo slop the supply of 

sub^ititute fuel itnd the conirol valve CV3 is set lo its close position to control the supply 
of substiiate oxidizer to a zero flow, whereu^t the conirol valve CV2 is set to its regular 
open po:*ition to supply ncccssiiry air via ttie supply ijne USl lo the fuel reformer 5, the 
shutoff v£ilve SV2 i^ dosed to ciuse rhc bypass line LB, the shuioff valve SVl is opened 
10 to supply a sufficient reformed fuel via ihc supply line LSI to ihe fuel cell 2, and the 
control valve CVl is set to its regular open poi>ition to supply sufficient air to ihe fuel 
Cell 2, so that an effluent fuel is supplied from the effluent line LEI, via the Supply line 
LS23 and the outlet pipe 14, lo the inlei tube IH and hence to the outer gas chamber 41 
of The catalyst combustor 11, and an effluent oxidizer is supplied from the effluent line 
1 5 LE2, via the supply line LS24 and the ouilet pipe 15, lo the inlet tube 19 and hence to 
the outer gas chamber 41 of the catalyst combusior II, where it is mixed with the 
effluent fuel, forming a gaseous mixture flowing downstream along the separation wall 
61. The mixture is substantially uniformly distributed about the fluid communication 
portion 00 and substantially evenly divided inio: those streams which flow inside the 
outer gas chamber 41, thus entering ihc hubstratc 53, where ihey contact the catalyst 56, 
whereby their regular catalyst combusiiun is promoted, generating a necessary amount 
of gaseous combustion product^; and those streams which branch through the 
communication holes 62 of the fluid communicaiion portion 60 into the inner gas 
chamber 21, where they flow downstream to enter the substrate 33, where they comaci 
25 the catalyst 36, whereby iheir regular catalyst combustion is promoted, generating a 
necessary amount of gaseous combustion products. The respective amounts of gaseous 
combustion products are collected from the substrates 53 and 33 in the ouilet space 7U, 
wherefrom ihey arc supplied as u required amount of heat medium lo the vaporizer 4. 
The even division of the mixture is effected for the catalyst 3f), 56 to have a maximized 
processing capycity, by provision of balanced relationships (for example Rj + R,, ^R^ 
or R, -^ Rf, = R^) iimong fluid resistances including the flaid resistances {vi} of the 
communication holes 62, the fluid resistances {r^} of the combustion paths 35, and the 
fluid resisiances {rnxjof the combustion paths 55, 

The present embodiment has, among others, the following advantages: 
(1) a shoit warming in a startup t>peration due to a catalyst combuSiit;n of 
substitute fuel in a restricted catalyst region (within 33) with a restricted heat capacity: 



20 



30 



35 



12 



-02-15 16:59 %5t-F0LEY 



1 3£ffl7L-MlVOSI & WlYOSi 



T-455 P. 16/34 U-020 



(2) a Still shortened warming in the stanup operation due to the provision of 
heat insulating layers 32b, 32c keeping combustion heat in a substrate 33 from escaping 
outside; 

(3) a yet shortened wanning m the startup operation due lo a major fraction of a 
5 gaseous mixture flowing into the substrate 33 which is low of heat capacity; 

(4) an aciuator-less control allowed simply by combination of communication 
holes 62 and substrates 33, 53 different of mesh size; 

(5) an acmator-lcss cuuiral in the siariup operauon allowed for a major fraction 
of a mixture of substitute fuei and substitute oxidizer to be conducted to the substrate 33 

1 0 irrespeciive of the provision uf communication holes 62, by relationships (for example 
Tn < Tm Or r,i « r^) of fluid resistances (such as r.t and r^); and 

(6) an actuaior-lcss control m a regular optrrution allowed for a process capacity 
of cutalysi 36, 56 to be maximized, by a uniform distribution and even division of a 
mixture of effluent fuel and effluent oxidizer that is implemented by relationships (lor 

1 S i:xample + Rb Ro or R; + R$ = R^) of fluid resistances (such as rf, rn , ri„). 

In the embodiment de*5cribed, the inner and outer catalyst combustion portions 
20 itnd 40 are configured as coaxial cylinders in outline. However, they may be 
configured in any forms else that have like relationships among inremaJ fluid resistances 
to the above embodiment, as illustrated below. 

20 Fig. 5 10 Fig, 7 show a caialyst combustion system llO in a fuel system 1 

according to a second embodiment of The invention. 

As shown in Fig. 5, the catalyst combustion ayuem llO has a catalyst 
combustor 111, a substitute fuel supply line LS21, a substitute oxidizer supply line 
LS22, an effluent fuel supply line IJS23, and an effluent oxidizer supply line LS24. The 

25 supply lines LS21, 1^22, Li523> and LS24 have their fluid outlet pipes 12, 13, 14, and 
15- The catalyst combustor 11 1 has three fluid inlet tubes 17, and ly welded thereto. 
The outlet pipe 12 has at its downstream end a fuel injector 16 joined to the inlet tube 17, 
by mseriing its atomizing tip 16a into the tube 17. 

A.S shown in Fig. 5 lo Fig. 7, the catalyst combustor 111, cylindrical in outline, 

30 is made up by: a lower catalyst combustion portion 120 which is oudined in the form of 
a "cut cylinder with a mmor arc closed by a chord in section" (hereafter referred to 
"minor arc shape") and extends over an axiai length L of the combustor 1 1 1 and which 
has (as a space defined therein) on its upstream side a lower gas chamber 121 of a minor 
arc shape and on its downstream side a lower accommodation chamber 131 of a minor 

^5 arc shape substantially equal in size lo and in direct commumcaiion with the tower gas 
chamber 121; an upper catalyst combustion portion 130 which is outlined in the form of 
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a '*cuT cylinder with a major arc closed by a chord in secnon" (hereafter referred to 
"major arc shcipe'') and extends over the length L, with its chordal bottom put on a 
chordal top of ibe lower catalyst combustion portion 120, and which has (as a space 
defined therein) on its upstream side an upper gas chamber 141 of a major arc shape tind 
5 on its downstream side an upper accommodation chamber 151 of a major arc shape 
substaniiiilly equal in size to and in direct communication with the upper gas chamber 
141; and a fluid communication portion 160 interposed between ihe lower g4S chamber 
121 and the upper gas chamber 141, The lower gas chambci 121 is in fluid 
communication with inside of the inlet tube 17 itrranged for axial introduction of a 

10 mixture of a substitute fuel and a substitute oxidizer. This axial introduction allows for a 
major fraction of the mixture to smoothly flow straight to the lower gas chamber 131, at 
high speed^, mspiring fluids from thereabove via liiter-dc<*cribed communication hole?; 
162, having a very minor fraction of the mixture branching through the communication 
holes 162, The upper gas chamber 141 also is in fluid communication with ihc inlet 

15 tubes 18 and 19 arranged for axial miroduction ut an eftlueni fuel and an effluent 
oxidiaer to be mixed there (141). This axial Iniruduciion sdlows for major tractions of 
introduced fluids to smoothly spread over a later-dcs^cribed separation wall 161, with 
lendencicis to invade through the communications holes 162 into the lower gas chamber 
121 and with tendencies to flow toward ihc upper gas chamber 151. The lower gas 

20 chamber 121 has a small fluid resistance Rin thereacross, and the upper gas chamber 
141 also has a Jimallcr fluid resistance thereacross. The lower catalyst combustion 
ponton 120 has a smaller heat capacity than the upper catalyst combustjon portion 140. 

shown in Fig. 5 and Fig. 6, the fluid communication ponion 160 is 
constituted with a fluid-guiding flat rectangular separation wail 161 which extends Cor 

25 separation between the lower and upper gas chambers 121 and I4l» and has a set of 
axiai arrays {l62-i:l £ i ^1 }, {162-j: I+l S j }, {162-k: J-hl S k }, and 
{162-/: K+1 £/^L } of fluid communication holes "l62-i (1 Sf), 162-j (1+1 
S 3 Sll l62-k(J+l S k SK), and 162'^ (K+1 SlJ " (hereafter collectively 
referred to "102") provided through the separation wall 161, An arbitrary hole 162 may 

30 be circular, elliptic, triangular, rectangular, polygonal, or any form else in section that 
can provide a necessary fluid re:sistance rr (1 ^ i" S L) , A paralkl connection ot 
respective fluid resistances {ri} ol a total of L fluid communication holes 162 represents 
a fluid resistance R^f^ ot the flmd communication portion 160, The separation wall 16 1 
IS welded at its upstream end l6la to a lower minor-arc part 122a of a circular end plate 

35 122 of the catalyst combustor ] 11, and vertically flanged at its downstream end 161b. 
The mlet tube 17 is in.sened and welded to the minor-arc pan ]22a of the end piate 122. 



14 



-Q2-15 16:59 9l5t-F0LEY 



T-455 P.I 3/34 U-OZO 



The inlet tubes 18 and 19 are inserit?d and welded to an upper major-arc part l22b of the 
end pJate 122. 

As shown in Fig. 5 to Fig. 7, the lower catalyst combustion ponion 120 is 
constituted with: the lower minor-arc pari l22a of the circular end plate 122; a lower 
5 minor-iirc pari 242 of a later-described cylindrical upstreani casing 142 thai cooperaies 
with the Separation wall 161 and ihe nainor-arc part l22a of the end plaic 122 to define 
ihe lower gas chamber 121; a laior-describcd Rat heat insulating separator 132 between 
ihe lowicr and upper accominodaiion chanibcis 131 £ind 151; a lower minuT-arc part 252 
of a later-described cylindrical downstream case 152 lhac cooperates with the heat 

10 insulating separator 132 to define ihe lower accommodation chamber 131; and a minor- 
arc-shape lower substrate 133 which is accommodated to be fitted gas-tight in the lower 
accommodation chamber 131, and formed (to be meshed) in a honeycomb shape (in like 
fashion to Fig. 8) with a set of axially extending catalyst combustion path (or mesh) 
pans '^134-nll ^ li S N)'^ (hereafter sometimes coileciiveiy referred to "134"), 

15 The upstream casing 142 huh at its upstream end an outward flanged pan 1 42a 

fasiened by bolts 149 to a peripheral flange 122c of the end plaic 122^ and at its 
down^itream end an inward projected pan 142b and an outward flanged part 1 42c. 

The rectangular separation wall 161 is contacted and welded at its left and right 
sides I6ic on and to the cylindrical upstream casing 142, 

20 The heai insulating separator 132 is consiituted with a flat rectangular plate 

132a which is brought into abutment at iis upstream end l32al on the flanged 
downstream end 161b of the separation wall 161 and bent downward at its downstream 
end 132a2 for hooking or stopping the ^ubstraic 133, a lower heat insulating iayer I32b 
which is formtid over a downside of the rectangular plutc I32a, and an upper heal 

25 inhulating iayer 132c which is toimed over an upside of the plate l32a. 

The downstream case 152 is constituted with; a cylindrical downstream casing 
152a which is mlcgrally fonned at its upsiream end with an outward flanged part 152al 
fastened by boltN 15y lo the flanged pun I42c of the upstream casing 142 and ai its 
downstream end with an inward projected part I52a2 configured to hook or stop ihe 

30 before-mentioned lower substrate 33 and a later-described upper substrate 53 and with a 
down?>tream extension 152a3 configured to define a cyhndrical combustion product 
(heat mi^dium) under space 17t3 to be common to the lower and upper catalyst 
combustion ponion.s 12U and 140 and to be connected to a heat medium supply line 
(LS3 in Fig. 1); a refractory mortar layer (similar to 52b in Fig. 8) lining uver an inside 

35 or the downstream casing I52a and a corre?»ponding region of an end face of the inward 
projected pan 142h of the upstream casing 142; and a gas-tight filler (similar to 52c in 
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Fig. 8) of heat insulating materials filled between the retraciyry rtiortur layer and the 
upper and lower substrates 133 and 153, 

The rectangular plate 132ii of the heat insulating separator 132 is comacicd and 
welded at its left and right sides 132a3 on and to the cylindrical casing 152a of the 
5 downstream case 152. 

Again as :^hown in Fig. 5 lo Fig. 7, the upper catalyst combustion ponion 140 is 
constituted with: an upper major-arc pan 342 of the cylindrical upstream casing 142 that 
coopcr£*tc3 with the scpaiiiLiun wall 161 and ihc major-aic part 122b of the end plate 122 
to define the upper gas chamber 141; an upper major-arc pan 352 of the cylindrical 

1 0 downstream case 152 that cooperates with the heat iniiujating separator 132 to define the 
upper accommodation chamber 151; and a major arc shape upper substrate 153 which is 
accommodated to be fined gas-Tight in the accoramodaiion chamber L51, and formed (to 
be mushed) in a honeycomb shape (in like fashion lo Fig. 8) with a set- of axially 
extending catalyst combustion path (or me^h) pans "154-m (1^ m (> N or » N))" 

15 (hereafter sometimes collectively referred to "154"), The upper substrate 153 has a 
smaller mesh than the lower substrate 133, or in other words, the meshing of the latter 
133 is coarser or rougher than that of the former 153, 

The heai capacity of the lower catalyst comba$tion portion 120 substantially 
depends on a heat capacity of the lower substrate 133, and that of the apper catalyst 

20 combustion portion 14U substantially depends on a heat capacity of the upper substrate 
153, The lower substrate 133 has a signitlcanily smaller heat capacity than the upper 
substrate 153. 

As schematically shown m Fig. 2 and Fig. 4 (or like the case of Fig. 8), an 
arbitrary catalyst combustion path part 134-n (1 ^ a ^N) in the lower substrate 133 is 

25 constituted with: a corresponding straight combustion path i35-n (1^ n ^N) 
(hereafter sometimes collectively referred to "135") axially extending as a tluid path 
through the substrate 133 and communicating at its upstream end with the lower gas 
chamber 121 and at its downstream end with the combustion product outlet space 170; 
and a corresponding set 136-n (1 S n SN) of films of a catalyst configured as a whole 

30 to define the combustion path 135-n with a corresponding fluid resistance {r^: 1^ n ^ 
N} thereacross. A parallel connection of respective tluid resistances {tn} of a total of N 
combustion paths 135 (or of JN combustion path pans 134) represents a fluid resistance 
Ri3 across the lower accommodation chamber 13 1 (or of the lower substrate 133). 

likewise, an arbitrary catalyst combustion path parr 154-m (1^ Di SM) in the 

35 upper substrate 153 is constituted with: a corresponding straight combustion path l55-m 
(i< m ^M) (hereafter sometimes collectively referred to "155") axially extending as a 



16 



-02-15 17:00 E5t-F0LEY 



m 5gflJc-MIY0Sl &i MlYOSi 



W55 P. 20/34 U-020 



fluid path through the substrate 153 and communicating 3t its upstream end with the 
upper gas chamber 141 dVid at iis downMieam end with the combustion product outlet 
space 170; und a corresponding soi 156-m (l£ iD ^M) of films of the ahovc-notcd 
catalyst configured as a whole lo define the combustion path 155-m with a 
5 corresponding fluid resistance {t^: 1 S ni ^M} ihercacross. A parallel connection of 
respective fluid resistances {rm} of a total of M combustion paths 155 (or of M 
combustion path parts 154) represents a fluid resistance R15 across the upper 
nccoxmnodation chambci 15 1 (or ihe Upper substrate i53J. 

The N combustion paths 134 have a greater avur^ige sectipniil area than the M 

10 combustion paths 154, so thai un average ot the fluid resistances {r^} of the former 134 
is smaller than thai of the fluid resistances {rn,} of the laiier 154, The combustion paths 
134 as well as the combustion paths 154 may be identical or different in configuration 
and/or size, as necessary for facilitation of manufacture or for a particular fluid 
condition. It is desirable to increase a propurtion of effectively used catalyst in a sum of 

1 5 a total of N stits 136 and a total of M sets 156 of films of catalyst, in order for a Capacity 
of catalyst combustion process to be maximized in a regular operation ot the fuel cell 
system 1. 

Referring to Fig. 5, in the catalyst combusior in, the lower catalyst 
combustion portion 12U has a fluid resistance Rl thereacross equivalent to a serial 
20 connection ot the tluid resistance Rn of the lower gas chamber 121 and the Quid 
resistance across the lov/er accommodation chamber 131 (or of the lower substrate 
133), such that Rl = R12 + R13. The upper catalyst combustion portion 140 has a fluid 
resistance Ru thereacross equivalent to a serial connection of the tluid resistance R^ of 
the upper gas chamber 141 and the tluid ^esi^mce R)5 across the upper accommodation 
25 L-hambor 151 (or of the upper substrate 153), such that Ru - R14 ^ Ris- The fluid 
resistance Rj^ ot ihc fluid communication portion 160 is serially connected 10 the fluid 
resistance R^ of the lower gas chamber 12L 

Referring to Fig. 5 10 Fig. 7 (and Fig. 1), the catalyst combustur 111 is 
contigured to have tixed relationships among interna] tluid resistances {Rl, Ru, R\27 
30 Ri3(r„), Ru, Rj5(rm), Rif)(ri)} thereof, for example such that: 
Ri2<Rn or Ri2^<.Rn, 
Ri4<Ri5 or Ri4«Rj5, 

Ri2 p*Rn < Rit> oir R12 «Ri4« R\6 , i.e. {R,2-i-Rit,) = (Ru+Rifi) ^Ru,, 
rn <, rrt, or r.^ « r^, 
35 Rl -N Rij or Rl « Ru, aud/or 

RL + ftit. '^Ru or Rl+Ri^-Ru, 
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so that, in a "startup operation" of the fuel cell system 1, 

substantially, a wanning caulyst combustion between a bubstitme fuel and u 
substitute oxidizer is caused to occur simply in the lower catalyst combustion portion 
120 (or more specifically in the lower sub^itrute 133), i.e* without an influentid or 
5 Significant catalyst combustion caused between a fuel and an oxidizer conducicd in the 
substraie 153 of the upper catalyst combustion ponion 140, and 
that, in a "regular operation" of the fuel cell system I, 

a rcgulai cutulysi cotnbusiion between nn effluent fuel and an effluent oxidizer 
is caused to occur in both the lower catalyst combustion portion 120 (or more 
10 specifically in the lower substrate 133) and the upper catalyst combustion ponion 14U 
(or more specifically in the upper substrate 153), in pajiicuiar proportionally or evenly, 
as required. 

This second embodimenr haN like advantages lo the previous first embodiment, 
and ixn additionitl advantage such that an axial introduction of effluent fuel and effluent 

15 oxidizer to a major arc shape upper catalyst gas chamber 141 permits a faster and 
etficient regular catalyst combustion. 

The lower catalyst combustion portion (120) may comprise a lower gas 
chamber 21 and a lower substrate 133, Likewise, the upper catalyst combuhiion portion 
(140) may comprise an upper gas chamber 41 and iin upper substrate 153, Then, the 

20 catalyst combustor 111 may have a combination (142 + 152) of a cylindricul upstream 
casing 142 and a cylindrical downstream case 152 with a tlat heat insulating ^separator 
132, a cylindrical enclosure (142 ± 152) circumscribed about the upper and lower 
Catalyst combustion portions (120 and 140), 

In the tirsi and second embodiments, an arbitrary or particular combustion path 

25 35, 55, 135, or 155 may be configured in any form else, as ncce^!iary, for facilitation of 
manufacture or for a particular fluid condition, in panicuiar tor a velocity of a gaseous 
mixture of substitute or effluent fuel and oxidizer to be faster at an upstream end, where 
fuel concentration is relatively high, than ai a downstream end, where fucl concentration 
is relatively low, in order for the catalyst combustion to be possibly uniform in both 

30 startup and regular operations over lengths of combaj>tion paths in the inner or lower 
and uuter or upper substrates 33 or 133 and 53 or 153, and further for the catalyst 
warming to be possibly even m the sianup operation uver lengths of combustion paths 
in the inner or lower substrate 33 or 133. 

To this point. Fig. 9 and Fig, 10 show path parts 304 and 404, respociively, as 

35 modifications of an arbitrary pair or particular (for example, central or peripheral) pair 
of neighboring combustion path parts 34, 54, 134, or 154. 
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In the modification of Fig. 9, each path pan 304 is constitutL-d with: a 
corresponding elongate conical combustion path 305 uxially extending as a tluid path 
ihrough a substrate 303, having a greater sectional area ai nn upsircnm end 305a thereof 
than Hi a downstream end 305b thereof; 4nd a corresponding set 3U6 of films of a 
catalyst configured as a whole to define ihe combustion path 305 with a corresponding 
fluid resistance r„ or ihereacross. 

In the modification of fig. lu, each path pan 404 is consiituted with: a 
corre?ipondiAg mbular combustiou puih 405 axially extending a^ a tluid path through a 
base portion 403a of a subsiraie 403, having a greuter sectional area at an upstream end 
405a thereof than at a downstream end 405b thereof, as it is achieved by provision of a 
raised part 403b of the substrate 403 extending along the combustion path 405, tirom the 
upstream end 405a to an axially intermediate point, with a gradually reduced width; and 
a combinaiion 406 of n corresponding set 406a of films of a tatalysi formed on a wall ot 
the base portion 403a of the substrate 403 and a conformal set 406b of films of the 
catalyst formed on the rmsed part 403b of the substrate 4U3, as they (406a, 4U6b) are 
configured as a whole lo detint; the combustion path 405 with a corrc>iponding fluid 
resistance rn or r„, ihereacross. 

In ibe foregoing embodiments, it should be noted that the control valve CVl of 
the air supply line LS2 may be controlled to a reduced open t3r crack-open in the 
effectively warmed phase in the stanup operation of the fuel cell system 1. In this case, 
an effluent oxidizer is supplied through the supply line 1^24 during the effectively 
warmed pha.se and the sufficiently warmed phase, j,e„ over the warmed phase. However, 
the fluid resistance relationship described causes the effluent oxidizer in the effectively 
warmed phase to flow like thai in the rugukr operation, without extra cantroL 

Ii will be Seen that the shuLoff valves SVl to SV3 as well as coniroi valves 
CVl to CV3 may be controlled for a regular operation of the fuel cell system 1 to cover 
an entirety of the warmed phase. 

It noted that in each embodimem described the tuel stmrce of the catalyst 
combusLor 1 1 may be different from that of the fuel reformer 5, and the air source of the 
Catalyst combustor 11 may be different from that ot ihe fuel reformer 5 and/or the fuel 
cdl 2. The substitute fuel may be any fuel ul^e, if it is gaseous, when supplied in the 
combubtor 11, and combustible by contact on the catalyst, with sufticicnt combustion 
products to provide an adequate amount of effective heai medium. The substitute 
oxidizer may be any oxidi2er else, if it is gaseou.s, when supplied in the combustor 11, 
and active enough in oxidi/ution lo promote the catalyst combustion. 

The contents of Japanese Patent Applicmion No. 2000-41194 are incorporated 
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herein by reference. 

While preferred embodiments of the present invention have been described 
using .specific terms, such description is for illustrative purposes, and it is to be 
understood thai changes and variations may be made without departing from the spirit or 
5 scope of the following claims. 
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